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 ABSTRACT  
 
Despite evidence for the role of nonverbal communication in the evaluation of social 
interactions, little is known about the mechanisms through which nonverbal behaviors of 
individuals of different ethnic groups influence such evaluations. Here, Caucasian participants 
underwent fMRI recording while observing social interactions with ethnically in-group and out-
group members displaying approach and avoidance behaviors. Each behavior was preceded or 
not by a handshake, and was followed by participants’ ratings of the behavior. Brain imaging 
assessments identified evidence for ethnic in-group biases in evaluating specific nonverbal 
behaviors, in the absence of differences in the explicit behavioral ratings. First, the amygdala and 
dorso-medial prefrontal cortex showed sensitivity to in-group approach behaviors relative to 
control, and positive associations with the ratings for in-group approach behaviors. Second, 
enhanced functional connectivity between the amygdala and dorso-medial prefrontal cortex 
further clarified the mechanisms involved in the processing of in-group approach behaviors. 
Third, the posterior superior temporal sulcus and nucleus accumbens showed sensitivity to in-
group handshakes, which was also linked to the positive impact of handshakes on in-group 
evaluations. Overall, these findings shed light on the mechanisms underlying intergroup social 
evaluations, and provide evidence for the neural signatures of ethnic in-group biases to approach 
and expected greeting behaviors. 
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CHAPTER 1: 
INTRODUCTION 
The last decade has witnessed dramatic changes in the ethnic and racial composition of 
the United States. According to the 2010 Census data, the non-White minority population has 
increased by 29% (Humes, Jones, & Ramirez, 2011) and is projected to become the numerical 
majority of the national population by 2050 (Ortman & Guarneri, 2009). As a result, social 
interactions with other ethnic groups have become ubiquitous elements of everyday life. An 
essential but understudied component of these interactions is nonverbal communication, which 
carries meanings that may vary from one culture to another (Remland, Jones, & Brinkman, 1995; 
Watson & Graves, 1966) and tends to be interpreted more accurately by culturally in-group than 
out-group members (Bailey, Nowicki, & Cole, 1998; Elfenbein & Ambady, 2002, 2003). Social 
interactions with out-group members are also very complex, as they may be influenced by pre-
existing beliefs about the group (Allport, 1954) and by evaluative associations influencing our 
judgments and behaviors without our intention or awareness (Fazio, Jackson, Dunton, & 
Williams, 1995).  
Given the complexity of nonverbal communication in intergroup social interactions and 
its importance for successfully navigating the contemporary social world, understanding the 
mechanisms through which nonverbal behaviors displayed by in-group and out-group members 
influence social evaluations becomes increasingly important. However, the vast majority of 
studies examining the neural basis of perceiving ethnicity in others have focused on dissociating 
neural responses at the level of processing faces represented in static images (for a review, see 
Kubota, Banaji, & Phelps, 2012), thus leaving unclear how the ethnicity of a social interaction 
partner influences the perception and evaluation of his/her dynamic nonverbal behaviors in a 
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specific social context. The present investigation addressed this gap in the literature by 
examining the impact of ethnic group membership on the neural correlates of observing and 
evaluating social interactions with in-group and out-group members. Clarification of this issue 
has implications for understanding factors that may lead to successful interactions with 
individuals from diverse ethnic groups, which has become increasingly important in the current 
ethnically diverse and globalized economic and political climate (Cárdenas, Ajinkya, & Léger, 
2011; Malatoni, 2014). 
Despite their crucial role in guiding everyday behaviors and decisions, only a few studies 
have investigated the impact of affective nonverbal behaviors in processing social interactions 
and the associated neural correlates. A previous investigation from our group (Dolcos, Sung, 
Argo, Flor-Henry, & Dolcos, 2012) examined nonverbal affective behaviors indicating 
approaching and avoidance intentions, and showed that approach (relative to avoidance) 
behaviors were associated with a more positive assessment of social interactions and that a 
handshake preceding these behaviors enhanced the positive impact of approach and diminished 
the negative impact of avoidance behaviors. Other studies have investigated the recognition and 
categorization of affective bodily expressions (e.g., fear/anger vs. neutral, threatening vs. 
teasing) in social contexts and have shown that overall participants were able to differentiate 
emotional expressions depicted by a brief presentation (~3–4 seconds) of affective body 
language (Pichon, de Gelder, & Grezes, 2009, 2012; Sinke, Sorger, Goebel, & de Gelder, 2010; 
van de Riet, Grezes, & de Gelder, 2009).  
Previous evidence regarding the impact of ethnicity on the evaluation of others suggests 
that people are likely to show implicit biases toward in-group members, although these 
tendencies may not manifest explicitly (Castelli, Arcuri, & Zogmaister, 2003; Castelli, Tomelleri, 
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& Zogmaister, 2008) and could be absent among ethnic minorities (Ashburn-Nardo, Knowles, & 
Monteith, 2003; Livingston, 2002; Rudman, Feinberg, & Fairchild, 2002). Studies examining 
implicit in-group biases among members of ethnic majorities have shown that the extent to 
which people implicitly favor their in-group over out-group members predicted their display of 
negatively biased verbal and nonverbal behaviors (McConnell & Leibold, 2001; Sekaquaptewa, 
Espinoza, Thompson, Vargas, & von Hippel, 2003), more negative interpretation of ambiguous 
behaviors (Gawronski, Geschke, & Banse, 2003), and discriminatory judgments in hiring 
decisions (Rooth, 2010; Sekaquaptewa et al., 2003; Yogeeswaran & Dasgupta, 2010) against 
out-group members. 
Regarding the neural correlates, previous studies have shown that observing social 
interactions elicits increased activity in a host of regions typically implicated in basic emotion 
processing and social cognition, including the amygdala (AMY), posterior portion of superior 
temporal sulcus (STS), extrastriate body area (EBA), temporo-parietal junction (TPJ), inferior 
frontal gyrus (IFG), caudate nucleus, and medial prefrontal cortex (mPFC). Moreover, positive 
social interactions, such as friendly approach behaviors and handshakes, have been associated 
with increased activity in the AMY, STS, and nucleus accumbens (NAcc) (Dolcos et al., 2012). 
It is not clear, however, to what extent ethnic group membership influences how dynamic 
nonverbal behaviors are perceived and evaluated, and how it further modulates the neural 
mechanisms underlying these processes.  
Previous studies suggest that some of the brain regions involved in the observation and 
evaluation of social interactions may also be sensitive to representations of in-group vs. out-
group characteristics in stimuli. Among these regions, the AMY has been reported most 
frequently in studies on ethnicity processing (Kubota et al., 2012), and its patterns of response 
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have been shown to possibly reflect an immediate threat response to out-group members, the 
threat of appearing prejudiced to others, or sensitivity to motivationally relevant cues in the 
context of intergroup processes (for a review, see Amodio, 2014). However, the findings 
regarding AMY sensitivity to ethnic group membership have been somewhat inconsistent – some 
studies showed greater AMY response to out-group than in-group faces (Cunningham et al., 
2004; Hart et al., 2000; Richeson, Todd, Trawalter, & Baird, 2008; Ronquillo et al., 2007; Rule 
et al., 2010), whereas other studies did not identify consistent findings (Chiao et al., 2008; 
Lieberman, Hariri, Jarcho, Eisenberger, & Bookheimer, 2005; Van Bavel, Packer, & 
Cunningham, 2008; Wheeler & Fiske, 2005), suggesting that AMY’s sensitivity to ethnic 
characteristics may depend on specific contexts and/or tasks in which they are embedded and 
processed.  
The mPFC, STS, and striatum have also been identified as showing sensitivity to in-
group vs. out-group differences. The mPFC has previously been implicated in the representations 
of one’s own and others’ minds (Amodio & Frith, 2006; Denny, Kober, Wager, & Ochsner, 
2012; Mitchell, 2009) as well as processing of in-group members based on both real social 
groups (Falk, Spunt, & Lieberman, 2012; Freeman, Rule, Adams, & Ambady, 2009; Morrison, 
Decety, & Molenberghs, 2012) and novel group assignment (Molenberghs & Morrison, 2014; 
Rilling, Dagenais, Goldsmith, Glenn, & Pagnoni, 2008; Volz, Kessler, & Von Cramon, 2009). 
Moreover, the mPFC has also been shown to interact with the AMY during impression formation 
through the integration of contextual and appearance-based information in stimuli (Baron, 
Gobbini, Engell, & Todorov, 2011; Kim et al., 2004). The STS, a region previously linked to the 
perception of affective bodily expressions (de Gelder et al., 2010; van de Riet et al., 2009) and 
inferring others’ intentions (Pelphrey, Morris, & McCarthy, 2004; Vander Wyk, Hudac, Carter, 
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Sobel, & Pelphrey, 2009), also exhibited increased response to in-group relative to out-group 
faces during the inference of mental states (Adams et al., 2010). Finally, the striatum, whose 
function has been associated with reward processing (Delgado, 2007), showed sensitivity to 
ethnically in-group faces showing happy expressions relative to those of out-group faces which, 
in turn, predicted a subsequent increase in the size of the in-group social network (Chen, Whalen, 
Freeman, Taylor, & Heatherton, 2015).  
As suggested by these findings, our current understanding of the role of ethnicity in 
social cognition is largely based on evidence from studies that typically used static faces of 
individuals from different ethnic groups. In real-life situations, however, where people are 
typically involved in dynamic interactions with others, their interpretation and inference of the 
mental states of the others are based on comprehensive evaluations of whole-body nonverbal 
behaviors (Aviezer et al., 2008), and are also guided by contextual information (Kim et al., 2004). 
Importantly, the meaning of these behaviors may vary from one culture to another (Remland et 
al., 1995), highlighting the necessity of understanding how ethnicity influences the evaluation of 
social behaviors displayed by in-group and out-group members. To address this important issue, 
the present investigation examined the role of ethnicity in modulating the effect of nonverbal 
behaviors on the evaluation of observed social interactions displayed by dynamic whole-body 
stimuli. Specifically, two common types of social interaction, one involving basic approach and 
the other avoidance behaviors, were selected and placed in a specific social context (i.e., a 
business setting). 
The main goal of the present study was to investigate the neural correlates of observing 
and evaluating approach and avoidance interactions with ethnically in-group and out-group 
members. In addition, the evaluation of approach and avoidance behaviors is strongly influenced 
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by greeting behaviors preceding social interactions (Dolcos et al., 2012), which also vary by 
culture (Argyle, 1982). Therefore, another goal of this study was to investigate the effect of 
handshake, a typical greeting behavior in the Western cultures, on the evaluation of ethnically in-
group and out-group members. Based on the extant evidence, the following predictions were 
formulated. Regarding the behavioral results, it was predicted that 1) participants would give 
higher ratings for approach than avoidance behaviors, and for handshake than no-handshake 
trials (Dolcos et al., 2012), regardless of the characters’ ethnicity. This prediction was based on 
previous evidence suggesting that biases against ethnically or racially out-group members are not 
likely to manifest in explicit evaluations because of people’s general tendency to give socially 
desirable responses (Dew & Ward, 1993; Fazio et al., 1995). Regarding the fMRI results, it was 
first predicted that 2) emotion- (AMY) and action-related regions (STS, EBA, IFG, caudate), as 
well as regions involved in mentalizing (mPFC, TPJ), would show activations while observing 
social interactions with in-group and out-group characters (Dolcos et al., 2012). Identification of 
common activity in these regions would replicate the findings from the previous investigation 
using a similar experimental paradigm (Dolcos et al., 2012). Next, it was expected that 3) the 
AMY and mPFC would show increased sensitivity to in-group characters displaying approach 
behaviors. This prediction was based on evidence for increased AMY response to observing 
approach behaviors (Dolcos et al., 2012) and to in-group faces during the attribution of personal 
traits (Wheeler & Fiske, 2005) as well as by evidence for people’s tendency to distinguish one’s 
in-group from out-group through positively discriminant social comparisons (Dasgupta, 2004; 
Volz et al., 2009). The results regarding increased sensitivity of these regions to dynamic 
nonverbal behaviors displayed by in-group members would complement previous findings 
regarding their sensitivity to in-group membership on the basis of static stimuli, and would also 
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clarify the selectivity of the AMY and mPFC sensitivity to the type and context of dynamic 
behaviors (i.e., approach vs. avoidance). It was also predicted that 4) evaluations of approach 
interactions with in-group characters would be associated with a positive in-group bias, possibly 
reflected in enhanced functional connectivity between the AMY and mPFC (Baron et al., 2011; 
Kim et al., 2004). Finally, regarding the impact of handshake it was predicted that 4) observing 
handshakes with in-group members would be associated with greater sensitivity of the STS and 
NAcc. Identification of increased response in these regions to in-group handshakes would 
provide support to the role of these regions in processing handshakes during social interaction 
(Dolcos et al., 2012). Additionally, the results would also complement previous evidence linking 
activity in the STS and NAcc to cultural/ethnic in-group biases observed based on static stimuli 
(Adams et al., 2010; Chen et al., 2015; Freeman et al., 2009), and demonstrate that these biases 
extend to the processing of expected greeting behaviors. 
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CHAPTER 2: 
METHODS 
Participants 
Twenty right-handed healthy young adults (10 women; age range 18 – 29, M = 22.60, SD 
= 3.47) participated in the study. This sample size was calculated based on the previously 
published data using a similar task design (Dolcos et al., 2012) in order to sufficiently detect the 
activations in the brain regions that show most sensitivity to social interaction relative to control 
(i.e., the STS) while achieving statistical power of 0.8 at an intensity threshold of p < 0.05 
corrected for false discovery rate (FDR) (Genovese, Lazar, & Nichols, 2002), using the 
PowerMap software package (Hayasaka, Peiffer, Hugenschmidt, & Laurienti, 2007; Joyce & 
Hayasaka, 2012). Moreover, this estimate was found adequate to detect behavioral effects with a 
power of 0.8 and p < 0.05, as calculated using G*Power 3.1 (Faul, Erdfelder, Buchner, & Lang, 
2009) and has also been deemed reasonable for whole-brain regression analyses of brain-
behavior relationships based on the previous simulation, showing less than a 10% chance for 
yielding false-positive relationships with r > 0.8 (Lieberman, Berkman, & Wager, 2009). All 
participants were native English speakers, identified their ethnicity as White/Caucasian, and had 
no history of neurological, psychological, or psychiatric disorders. The experimental protocol 
was approved by the University of Illinois Institutional Review Board, and all participants 
provided written informed consent and received payment for their participation.  
 
Experimental design 
Stimuli consisted of movies used in a previous investigation from our group (Dolcos et 
al., 2012), supplemented by additional movies incorporating clear manipulations of ethnicity in 
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the host characters that were adapted for the purpose of the present investigation. All stimuli 
were created in Poser 7.0 (poser.smithmicro.com/poser.html) and presented using CIGAL 
software (Voyvodic, 1999). Similar to the Dolcos et al. (2012) study, the task consisted of a 
series of 10-second whole-body animated movies illustrating nonverbal guest-host interactions in 
a business setting (Figure 1). Participants viewed a guest being greeted by a host (Social 
Interaction condition) or a cardboard cutout of a host (Control condition). In the Social 
Interaction condition, the host displayed behaviors that either encourage (Approach condition) or 
discourage (Avoidance condition) further social interactions; for a dynamic illustration of the 
stimuli, see Sung et al. (2011). Specifically, the hosts in the Approach condition stepped toward 
the guest while displaying open postures and smiley faces. On the other hand, the hosts in the 
Avoidance condition stepped away from the guest while displaying closed postures and frowny 
faces. For each condition, in half of the trials, social interaction between the guest and host 
started with a handshake initiated by the host as part of the greeting protocol; the order of the 
trials with and without handshakes was counterbalanced across participants. The overall amount 
of biological motion was equated between the Approach and Avoidance and the Handshake and 
No-handshake conditions (for a detailed discussion of the procedure, see Dolcos et al., 2012). 
The ethnicity of the host characters was manipulated by applying unique facial 
characteristics and skin tones to represent particular ethnic groups. In-group hosts were 
Caucasians and out-group hosts consisted of members of three non-Caucasian ethnic groups: 
East Asian, South Asian, and African-American, in proportions similar to the representation of 
these ethnicities in the local student population. A validation task of host ethnicity conducted 
with a subset of the present sample (n = 18) revealed that the ethnicity of in-group and out-group 
hosts was accurately identified as Caucasian (M = 7.51, SD = 1.13) and non-Caucasian (M = 2.09, 
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SD = 1.25), respectively (t[17] = 16.05, p < 0.001, two-tailed); similar results were also obtained 
using a larger independent sample (n = 41). Although other physical characteristics (e.g., height, 
physical build) of the hosts may be a factor that exemplifies a particular ethnic group, any 
associations between a given ethnic group and the physical features may also be highly 
subjective. If participants’ expectations for the host from a particular ethnic group were violated, 
this could potentially obscure the effect of ethnicity as defined in the present investigation based 
on rather simple manipulations of faces and skin tones. Thus, to avoid creating possible biases in 
the perception of ethnicity in the host characters, their height and physical build remained 
consistent across all ethnic groups within each sex (Figure 2).  
The sex of the hosts was also manipulated in the interest of examining its known effect 
on social decision-making (Levav & Argo, 2010), with 50% of the hosts being women and 50% 
men in both the Caucasian and non-Caucasian groups. However, given the focus of the present 
investigation on the impact of ethnicity, the results reported herein were obtained from the 
analyses in which host sex was collapsed across other factors. The guest characters were men in 
half of the trials and women in the other half. Depending on the sex of the participants, they were 
also asked to take either the first- (ME, when the guest was of the same sex), or third- (OTHER, 
when the guest was of the opposite sex) person perspective in observing social interactions, with 
the perspective being prompted at the beginning of each trial. Although comparison between 
first- and third-person perspectives is important in social cognition (Wagner, Haxby, & 
Heatherton, 2012), this was not the focus of the present investigation. 
Each movie was followed by rating screens, which prompted the participants to provide 
the following ratings, using 5-point scales (1 = Not at all, 5 = Very high): business competence 
of the host (“Competence”); their own interest in doing business with the host (“Interest in doing 
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business”); and how successful they were in taking the perspective cued at the beginning of each 
trial (“Perspective Taking Success”). Each rating screen was displayed for 2 seconds, and the 
order of the three ratings was counterbalanced across trials. 
 Participants completed eight runs of 20 trials each for a total of 160 trials, and were 
assigned different run orders. To avoid the induction of long-lasting effects states, the trials 
within each run were pseudo-randomized so that no more than three trials of the same kind were 
presented consecutively. Prior to the beginning of the task, participants were instructed to use the 
whole rating scale and to give their ratings based solely on the observed social interactions, as 
well as to make their responses as quickly and accurately as possible. Each run started with 6 
seconds of a fixation screen to allow stabilization of the fMRI signal; an inter-trial interval of 8 
seconds followed each trial and ended each run. All stimuli appeared against a black background 
and were projected on a screen directly behind the participant’s head within the scanner, which 
participants viewed through a mirror. Responses were recorded using a five-button response box 
placed under the participant’s right hand. Following the scanning session, participants viewed the 
same set of stimuli again outside the scanner to validate the host ethnicity. In this instance, each 
movie was followed by a rating screen that asked the participants to rate the ethnicity of the host 
character using a 10-point scale (0 = Definitely non-Caucasian, 9 = Definitely Caucasian).  
 
MRI data collection 
MRI data were recorded using a 3.0-T Siemens Tim Trio scanner. The anatomical images 
were 3-D MPRAGE anatomical series (repetition time [TR] = 1600 msec, echo time [TE] = 3.82 
msec, field of view = 256 × 256 mm2, number of slices = 192, voxel size = 1 × 1 × 1 mm3). The 
functional images consisted of a series of T2*-weighted images acquired axially, using an 
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echoplanar sequence (repetition time [TR] = 2000 msec, echo time [TE] = 40 msec, field of view 
= 256 × 256 mm2, number of slices = 28, voxel size = 4 × 4 × 4 mm3, flip angle = 90°). 
 
Data analysis 
Behavioral Data Analysis 
A series of repeated-measures ANOVAs were conducted to assess the differences in 
participants’ ratings of Competence of and Interest in doing business with the hosts between the 
Approach and Avoidance, Handshake and No-handshake, and In-group and out-group conditions, 
as well as interactions among these factors.  
 
fMRI Data Analysis 
All statistical analyses of fMRI data were performed with SPM5 (Statistical Parametric 
Mapping) and were preceded by the following pre-processing steps: Quality assurance, TR 
alignment, Motion correction, Coregistration, Normalization, and Smoothing (8 mm isotropic 
Gaussian kernel). At the individual level, each event was modeled by the canonical 
hemodynamic response function (hrf). Movement parameters calculated during motion 
correction were included as parameters of no interest to control for movement artifacts. For the 
analyses focusing on the effects of social interaction, the hrf was time-locked to the moment at 
which the hosts displayed approach or avoidance behaviors, and for those examining the effects 
of handshakes, the hrf was time-locked to the moment at which handshakes occurred between 
the guest and host. Individual analyses produced whole-brain activation maps identifying main 
effects of observing the hosts’ behaviors (approach, avoidance, control) and handshakes 
(handshake, no-handshake), separately for in-group and out-group hosts. These individual 
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contrast images were then entered into separate group-level random-effects t-tests, which 
allowed investigation of the dissociating effects for observing social interactions with in-group 
and out-group hosts. 
For replication purposes, the specific analyses assessing the impact of ethnic group 
membership on the neural correlates of observing and evaluating social interactions were 
preceded by general analyses, which did not distinguish between the ethnic groups of the hosts. 
Unless otherwise noted, an intensity threshold of p < 0.05 (FDR-corrected) and an extent 
threshold of 10 contiguous voxels were used for these whole-brain voxel-based analyses. The 
results of these general analyses allowed identification of brain regions showing general 
sensitivity to observing social interaction (i.e., approach and avoidance behaviors) relative to 
control. The dissociating effects of host ethnicity were investigated using targeted paired t-tests 
(e.g., [In-group Approach vs. In-group Control] > [Out-group Approach vs. Out-group Control], 
[In-group Avoidance vs. In-group Control] > [Out-group Avoidance vs. Out-group Control], and 
[In-group Handshake vs. In-group No-handshake] > [Out-group Handshake vs. Out-group No-
handshake]). These interaction analyses were performed within a priori regions of interest (ROI) 
comprised of the AMY, mPFC, STS, and NAcc, which were complemented by whole-brain 
analyses. The ROI mask images were based on the Automated Anatomical Labeling Atlas (AAL, 
Tzourio-Mazoyer et al., 2002) complemented by a previous meta-analysis (Di Martino et al., 
2008). In these analyses of the dissociating effects of host ethnicity, unless otherwise noted, an 
intensity threshold of p < 0.005 (uncorrected) and an extent threshold of 10 contiguous voxels 
were used (Forman et al., 1995; Lieberman & Cunningham, 2009). To further elucidate the role 
of these brain regions showing sensitivity in response to the three behaviors of interest (i.e., 
approach, avoidance, and handshake), brain–behavior relationships were investigated examining 
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co-variations of their responses with behavioral ratings. An intensity threshold of p < 0.05 
(uncorrected) and an extent threshold of 10 contiguous voxels were used for the correlation 
analyses. In analyses of the dissociating effects of host ethnicity targeting AMY and NAcc (both 
to identify activations and correlations), an intensity threshold of p < 0.05 (uncorrected) and an 
extent threshold of five contiguous voxels were used (Dolcos et al., 2012). 
Finally, to investigate changes in functional connectivity between our a priori ROIs 
linked to the observation of in-group and out-group social interactions, voxel-based correlation 
analyses were performed. Specifically, the seed region was determined based on the peak voxel 
in the right AMY area showing greater sensitivity to in-group than to out-group approach 
behaviors vs. control as identified by the independent random-effects analyses described above, 
along with its adjacent voxels in all three planes. A general linear model was then created, in 
which each individual trial was modeled by a separate covariate, resulting in separate parameter 
estimates for each individual trial for each participant (St Jacques, Dolcos, & Cabeza, 2010). 
This procedure yielded an individual correlation map between the seed AMY region and all other 
voxels in the brain, separately for in-group and out-group trials. These individual correlation 
maps were then entered into group-level random-effects t-tests analysis, which allowed 
investigation of differences in functional connectivity by host ethnicity during the observation of 
social interaction. Again, consistent with the activation analyses mentioned above and with 
accepted norms, an intensity threshold of p < 0.005 (uncorrected) and an extent threshold of 10 
contiguous voxels were used for these analyses of functional connectivity (Forman et al., 1995; 
Lieberman & Cunningham, 2009). 
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CHAPTER 3: 
RESULTS 
Behavioral Results 
Similarly Higher Ratings for Approach than Avoidance Behaviors and Positive Impact of 
Handshakes on the Evaluation of Social Interaction with In-group and Out-group Hosts 
 
 As predicted, ratings for Competence and Interest in doing business were higher for 
Approach (M = 3.65, SD = 0.47) than Avoidance (M = 2.64, SD = 0.51) conditions, regardless of 
host ethnicity. This effect was confirmed with a repeated-measures ANOVA yielding a 
significant main effect of Social Interaction between the Approach and Avoidance conditions: 
F(1,19) = 47.35, p < 0.001, ηp2 = 0.71. Similarly, the ratings for the Handshake trials were higher 
than those for No-handshake trials in all conditions, as revealed by a significant main effect of 
Handshake: F(1,19) = 31.98, p < 0.001, ηp2 = 0.63. Replicating previous findings (Dolcos et al., 
2012), the effect of handshake was stronger in the Approach than Avoidance conditions, as 
revealed by a significant interaction between Social Interaction × Handshake: F(1,19) = 7.66, p = 
0.012, ηp2 = 0.29. Overall, there was no difference in the ratings between in-group and out-group 
conditions (p > 0.05 for all pairwise comparisons). These results suggest that, independent of 
his/her ethnicity, observation of approach behaviors produces a positive impact on subsequent 
evaluations of the host, and that a handshake increases the positive impressions and decreases the 
negative ones.   
 
Brain Imaging Results 
Brain Regions Engaged by Observation of Social Interactions with In-group and Out-group 
Hosts  
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 Confirming our second prediction, investigation of brain regions commonly engaged 
during the observation of social interactions with in-group and out-group hosts identified a host 
of regions that activated more strongly to Social Interaction (both approach and avoidance 
behaviors) than to Control conditions in which no social interaction occurred (see Figure 3 and 
Table 1). Consistent with previous studies from our group (Dolcos et al., 2012) and others 
(Adolphs, 2009; Kujala, Carlson, & Hari, 2012; Wagner et al., 2012; Yang, Rosenblau, Keifer, & 
Pelphrey, 2015; Yarkoni, Poldrack, Nichols, Van Essen, & Wager, 2011), brain regions sensitive 
to observing dynamic social interactions conveying approaching and avoidance intentions 
consisted of those typically implicated in action observation, mentalizing, and basic emotion 
processing, including the posterior STS (pSTS) (bilaterally, with a rightward asymmetry, 
extending into the surrounding regions such as the superior/middle temporal gyrus, middle 
occipital gyrus/EBA, and TPJ), lateral PFC (bilaterally, with a rightward asymmetry, covering 
both middle and inferior frontal gyrus), mPFC, right inferior parietal lobule, striatum, and right 
AMY. 
 
Increased AMY & mPFC Sensitivity to Dynamic Social Stimuli linked to Positive Evaluation of 
Approach Behaviors Displayed by In-group Hosts 
 
Confirming our third prediction, brain regions involved in basic emotion processing and 
social cognition showed differential sensitivity to the positive evaluation of approach behaviors 
displayed by in-group and out-group hosts (see Figure 4 and Table 2). Specifically, analyses of a 
priori ROIs revealed that observing approach behaviors relative to control by in-group hosts was 
associated with greater sensitivity in the right AMY (x = 31, y = -3, z = -17) and dorso-medial 
PFC (dmPFC) (x = 3, y = 53, z = 20, BA 9) than observing those displayed by out-group hosts. In 
addition, analyses of whole-brain activity identified an area of cingulate gyrus showing similar 
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sensitivity (Table 2). Interestingly, the observed interaction effects were driven in part by 
deactivation of these regions in response to the In-group Control trials. Notably, both the AMY 
and dmPFC areas partially overlapped with the corresponding regions whose increased activity 
to observing in-group approach behaviors relative to control co-varied positively with the 
Interest ratings for approach behaviors displayed by in-group hosts (see Figure 4 and Table 3). 
The corresponding correlations for out-group hosts were not significant. Moreover, no 
suprathreshold activation was identified in the reverse contrast. Regarding the contrast involving 
avoidance behaviors (i.e., [In-group Avoidance vs. In-group Control] > [Out-group Avoidance vs. 
Out-group Control]), t-tests only identified a smaller area of the right AMY (x = 27, y = 0, z = -
10) (Table 2), and no suprathreshold activation was found at the whole-brain level. Furthermore, 
no suprathreshold activation was identified in the reverse contrast. Overall, these findings 
suggest that observing approach behaviors displayed by ethnically in-group members relative to 
control is associated with greater sensitivity in the AMY and dmPFC, both of whose responses 
uniquely scale with the positive evaluation of in-group approach behaviors.   
 
Greater AMY–mPFC Functional Connectivity linked to the Observation of Approach Behaviors 
Displayed by In-group Hosts 
 
Confirming our fourth prediction, the right AMY area showing increased sensitivity to 
the observation of in-group approach behaviors vs. control and a positive co-variation with the 
Interest ratings for in-group approach behaviors also showed greater functional connectivity with 
the dmPFC (x = 3, y = 53, z = 20, BA 9) at the time of observing in-group approach behaviors 
compared to those displayed by out-group hosts (see Figure 5). Of note, this dmPFC cluster 
partially overlapped with the areas showing, similar to the right AMY, both greater sensitivity to 
in-group than out-group approach behaviors relative to control and a positive co-variation with 
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the Interest ratings for approach behaviors displayed by in-group hosts. Neither the reverse 
contrast nor the contrasts involving avoidance behaviors yielded significant difference in the 
AMY-dmPFC connectivity between in-group and out-group conditions. Taken together, these 
findings suggest a role of the AMY and dmPFC in enhanced processing of approach behaviors 
displayed by ethnically in-group members. 
 
STS and NAcc Sensitivity linked to the Positive Impact of Handshakes with In-group Hosts 
 
Analyses targeting the fMRI response time-locked to the moment when a handshake 
between the guest and host in each trial took place identified bilateral pSTS regions (L: x = -43, y 
= -55, z = 15, BA 22; R: x = 44, y = -58, z = 21, BA 39) showing greater sensitivity to the 
presence of handshakes with in-group than out-group hosts, and the left NAcc (x = -4, y = 9, z = 
0) showing sensitivity to in-group handshakes (see Figure 6 and Table 2). Analyses of whole-
brain activity further identified additional regions showing dissociable sensitivity to observing 
in-group and out-group handshakes (Table 2). No suprathreshold activation was identified in the 
reverse contrasts. Furthermore, correlation analyses also showed that the pSTS and NAcc regions 
partially overlapped with the corresponding areas whose sensitivity to in-group handshakes co-
varied positively with the positive effect of handshakes on the Interest ratings (see Figure 6 and 
Table 3). Specifically, participants who had greater activity in the pSTS and NAcc also 
appreciated handshakes more when evaluating their interest in doing business with in-group 
hosts. The corresponding correlations for out-group hosts were not significant. Overall, these 
findings suggest that activity in the pSTS and NAcc is linked to selective processing of 
handshakes during the observation of social interactions with in-group hosts, and that positive 
co-variations between activity in these regions and the effect of handshakes on the Interest 
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ratings for in-group hosts indicate that these regions may reflect the positive impact of 
handshakes in evaluating ethnically in-group members.  
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CHAPTER 4: 
DISCUSSION 
 Substantial changes in the ethnic and racial composition of the US population highlight 
the need for a better understanding of the mechanisms involved in intergroup social interactions. 
The present study advances existing knowledge by shedding light on the neural signatures of 
ethnic in-group biases associated with evaluations of approach and avoidance social interactions 
preceded or not by a handshake, in a defined, dynamic social context. First, regarding the 
behavioral results, approach behaviors were associated with a more positive assessment than 
avoidance ones, and handshakes preceding these behaviors enhanced the positive impact of 
approach and diminished the negative impact of avoidance behaviors, independent of the 
ethnicity of the host being evaluated. Second, regarding the fMRI results, brain regions typically 
implicated in basic emotion processing and social cognition were commonly engaged during the 
observation of social interactions with in-group and out-group host characters. Third, in the 
context of overall similar engagement of brain regions during the observation of in-group and 
out-group social interactions, the right AMY and dmPFC showed greater sensitivity to in-group 
approach behaviors vs. control than to those displayed by out-group hosts, while also showing 
positive co-variations with the Interest ratings for in-group approach behaviors. Fourth, analyses 
of functional connectivity clarified the pattern of co-activation between the right AMY and 
dmPFC regions, providing evidence for increased functional coupling of these regions at the 
moment when in-group approach behaviors are displayed. Finally, analyses targeting neural 
responses time-locked to the moment when handshakes were performed during social interaction 
identified the pSTS areas showing greater sensitivity to handshakes with in-group than to those 
with out-group hosts, and its activity co-varied positively with an index of the positive effect of 
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handshake with in-group hosts on the Interest ratings. The left NAcc was uniquely sensitive to 
the presence of handshakes with in-group hosts, and its activity also showed a positive co-
variation with the impact of handshakes on the Interest ratings for in-group hosts. These findings 
will be discussed in turn below. 
 
Similarly Higher Ratings for Approach than Avoidance Behaviors and Positive Impact of 
Handshakes on the Evaluation of Social Interaction with In-group and Out-group Hosts 
 
The present findings show that nonverbal behaviors signaling approaching and avoidance 
intentions influenced participants’ evaluations and attitudes, regardless of ethnicity of the hosts 
displaying these behaviors. Additionally, handshakes had similarly positive effects on evaluating 
social interactions with in-group and out-group members, by enhancing the positive impact of 
approach and diminishing the negative impact of avoidance behaviors. The lack of differences in 
the participants’ explicit evaluations of in-group and out-group host characters may be attributed 
to participants’ reliance on individual-based, rather than ethnic group-based, processing in their 
evaluation. However, such an explanation is not very likely, as the brain imaging results indicate 
group-related differences in processing social interactions, thus suggesting an evaluation of the 
social interactions as in-group vs. out-group encounters. A more plausible interpretation for the 
behavioral and brain imaging findings is offered by theory and research indicating the 
divergence between explicit and implicit evaluations of racial and ethnic group behaviors (e.g., 
Shoda, McConnell, & Rydell, 2014). Explicit evaluations of out-group members might induce a 
tendency to give socially desirable responses (Dew & Ward, 1993; Fazio et al., 1995; Greenwald, 
Poehlman, Uhlmann, & Banaji, 2009; Hewstone, Rubin, & Willis, 2002), but it is also possible 
that people with explicitly non-biased attitudes still harbor implicit, non-conscious intergroup 
biases (Castelli et al., 2008; Dovidio & Gaertner, 2004). In fact, given that explicit evaluations 
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show greater variability across participants, possibly due to their impression management 
(Greenwald et al., 2009), research on the neural basis of ethnicity processing has focused almost 
exclusively on implicit evaluations (Kubota et al., 2012). Examination of the behavioral and 
neural responses associated with evaluations of social interactions with ethnically in-group and 
out-group members in the present investigation confirmed this explicit/implicit dissociation. 
Specifically, despite the lack of difference in participants’ explicit evaluations of in-group and 
out-group interaction partners, the present study identified differences in participants’ implicit 
evaluations, reflected in greater sensitivity in specific brain regions to friendly social interactions 
with in-group than with out-group members, as discussed below. These more subtle responses to 
in-group members are also reflected in the positive co-variations between activity in regions 
showing increased sensitivity to in-group members and the behavioral ratings for the in-group 
members. These findings further clarify the relationships between the neural and behavioral 
indices of social evaluations by suggesting that possible in-group biases in explicit evaluations of 
dynamic nonverbal behaviors may not manifest when averaged within a group, but instead 
emerge as a function of individual differences in activity in specific brain regions that have 
previously been linked to the processing of ethnicity and group membership in stimuli. 
 
Brain Regions Engaged by Observation of Social Interactions with In-group and Out-group 
Hosts 
 Independent of host ethnicity, observation of whole-body dynamic social interactions 
elicited greater response in brain regions including the pSTS, lateral PFC, mPFC, inferior 
parietal lobule, striatum, and AMY, relative to the control condition in which no social 
interaction occurred. These results are consistent with the findings from a previous study using a 
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similar experimental paradigm (Dolcos et al., 2012), and provide further support to the role of 
these regions in processing social interaction (Iacoboni et al., 2004; Kujala et al., 2012; Yang et 
al., 2015; Yarkoni et al., 2011). Although these findings may suggest overall similar engagement 
of neural mechanisms during the observation of social interactions with in-group and out-group 
host characters, analyses of a priori ROIs (i.e., AMY, mPFC, STS, and NAcc), as discussed 
below, confirmed that these regions previously shown in studies using static stimuli to be 
involved in processing in-group characteristics are also sensitive to dynamic nonverbal behaviors 
displayed by in-group hosts. Interestingly, activity in these regions was also linked to the positive 
impact of approach behaviors and handshakes displayed by in-group hosts, suggesting the role of 
these regions in the positive evaluation of in-group members signaling approaching intentions 
and displaying expected greeting behaviors. 
 
Increased AMY & mPFC Sensitivity to Dynamic Social Stimuli linked to Positive Evaluation of 
Approach Behaviors Displayed by In-group Hosts 
 
 In studies on the neural basis of ethnicity processing, the involvement of AMY has been 
reported most frequently among other regions (Kubota et al., 2012). However, the extent to 
which this region responds more strongly to in-group or out-group characteristics has not been 
consistent, possibly due to its functional role being dependent on the context in which ethnicity 
of the interaction partner is presented. In the context of intergroup processes, AMY’s function 
has been associated with reflection of threat response to out-group members, the threat of 
appearing prejudiced to others, and sensitivity to motivationally relevant cues to guide adaptive 
behaviors in a given task context (Amodio, 2014). The present study identified greater AMY 
sensitivity to specific nonverbal behaviors displayed by in-group members, and a positive 
association with participants’ explicit evaluations of social interactions with in-group members. 
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These findings are consistent with evidence that AMY’s activity depends on a perceiver’s goals 
(Wheeler & Fiske, 2005), responding to motivationally relevant and salient stimuli (e.g., 
rewarding or aversive) to guide adaptive behaviors (Cunningham, Van Bavel, & Johnsen, 2008; 
Dolcos et al., 2012; Van Bavel & Cunningham, 2011). Moreover, in-group members tend to be 
motivationally relevant, allowing group members the opportunity to fulfill belonging needs and 
other core social motives salient in different group contexts (Cikara & Van Bavel, 2014). Thus, 
the greater AMY sensitivity to in-group approach behaviors relative to control than to those 
displayed by out-group members in the present study may reflect an increased motivational 
relevance and salience of in-group members displaying approach behaviors. This interpretation is 
further supported by the positive co-variation between AMY activity and behavioral indices of 
the positive evaluation of in-group members.  
The present findings regarding the dmPFC confirm the involvement of this region in 
mentalizing (Amodio & Frith, 2006; Van Overwalle, 2009; Wagner et al., 2012), and also 
complement extant evidence demonstrating the sensitivity of mPFC to in-group membership 
based on real social groups (Falk et al., 2012; Freeman et al., 2009; Morrison et al., 2012) and 
novel group assignment (Molenberghs & Morrison, 2014; Rilling et al., 2008; Volz et al., 2009). 
Additionally, the mPFC subserves a variety of social cognitive processes, including storage of 
social knowledge (Krueger, Barbey, & Grafman, 2009) and integration of it with complex social 
judgments and goals that allow coordination of social behaviors (Amodio & Frith, 2006; 
Contreras, Banaji, & Mitchell, 2012; Gilbert, Swencionis, & Amodio, 2012). The mPFC is also 
involved in self-related reappraisal and evaluation (Northoff et al., 2006), and also in inference 
of internal characteristics of racially in-group targets (Freeman, Schiller, Rule, & Ambady, 2010). 
In this context, increased sensitivity in mPFC to in-group approach behaviors, and its positive 
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association with behavioral evaluations of in-group members in the present study suggest that 
more self-knowledge was accessed to process complex social behaviors displayed by in-group 
members, and that integration of this knowledge with social judgments and goals was reflected 
in more positive evaluations of in-group members. 
Interestingly, for both the AMY and dmPFC responses, the observed interaction effects 
were in part driven by deactivation of these regions to the In-group Control condition. One 
possibility for this effect is that evaluations of in-group members in the absence of dynamic 
nonverbal behavior may be more automatic, and require less cognitive resources when forming 
impressions. This interpretation is consistent with previous evidence suggesting that processing 
of in-group faces is “default, automatic, and holistic” (Bernstein, Young, & Hugenberg, 2007), 
and thus is associated with faster reaction time than that to out-group faces in social 
categorization (Ratner & Amodio, 2013; Van Bavel et al., 2008). Within this account, the 
deactivation of the AMY and dmPFC in the In-group Control condition may reflect an adaptive 
response that facilitates the allocation of resources and processing to the more socially salient 
stimuli (e.g. dynamic social interaction with in-group members) in the present task in which 
participants made evaluative judgments based on minimal social interactions (Cunningham et al., 
2008; Schiller, Freeman, Mitchell, Uleman, & Phelps, 2009; Wagner et al., 2012). Further 
elucidation of the temporal dynamics of the neural mechanisms underlying complex intergroup 
social interactions can be attained by using brain imaging tools with high temporal resolution 
(e.g., ERPs), to investigate the impact of ethnicity on impression formation (Amodio, Bartholow, 
& Ito, 2014), and how these effects might be modulated by individual differences in attitude 
toward in-group or out-group members (Amodio, Kubota, Harmon-Jones, & Devine, 2006; 
Gutsell & Inzlicht, 2010, 2012).  
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Greater AMY–mPFC Functional Connectivity linked to the Observation of Approach Behaviors 
Displayed by In-group Hosts 
 
The present study shows that evaluations of social behaviors displayed by in-group 
members involve complex social cognitive processes that are supported by an interactive 
relationship between the AMY and dmPFC. This finding is consistent with previous evidence 
showing interactions between the two regions during impression formation (Baron et al., 2011), 
and with evidence linking the co-activation of these regions to the interpretation of ambiguous 
emotional expressions based on contextual behavioral information (Kim et al., 2004). The 
present findings point to a possible role of the AMY–dmPFC functional coupling in the 
formation of positive impressions, in which AMY may show initial sensitivity and preference for 
in-group membership in the hosts displaying approach behaviors, and then signal these affective 
responses to the dmPFC, which further integrates them with social goals in order to coordinate 
complex social behaviors (Amodio & Frith, 2006; Contreras et al., 2012; Gilbert et al., 2012). 
Such an integrative role of the dmPFC is consistent with recent evidence (Ferrari et al., 2014) 
showing a causal role of this region in creating socially-relevant impressions based on the 
integration of complex social knowledge, including behaviors, appearance, and personality traits. 
Further research clarifying the directionality of communication between these two regions will 
elucidate the nature of AMY-dmPFC interactions subserving evaluations of complex social 
behaviors displayed by in-group and out-group members. 
 
STS and NAcc Sensitivity linked to the Positive Impact of Handshake with In-group Hosts 
 
Finally, the findings regarding the effect of handshake as a form of greeting in the 
Western cultures suggests that the pSTS may be sensitive to positive social cues, particularly 
when performed with in-group members, which may then positively influence the evaluation of 
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their subsequent behaviors. This interpretation is consistent with previous findings concerning 
the involvement of pSTS in evaluations of approach behaviors (Dolcos et al., 2012; Kujala et al., 
2012) and affective physical touch (Gordon et al., 2013), as well as in action understanding and 
mental inference (Pelphrey et al., 2004; Vander Wyk et al., 2009). Increased sensitivity of the 
pSTS for ethnically in-group compared to out-group hosts is also in line with the findings by 
Adams et al. (2010), in which both Japanese and American participants exhibited increased 
response in this region while inferring the mental states of culturally in-group members. Overall, 
our findings expand the current evidence regarding the sensitivity of pSTS to various social 
perception processes, including detection of in-group membership, and reveal the special role of 
this region in evaluating nonverbal cues relevant to cultural group membership.  
Finally, the present findings regarding unique sensitivity of the NAcc to in-group 
handshakes corroborate previous evidence for sensitivity of this region to culturally/ethnically 
in-group stimuli, as reflected in its positive association with people’s preference for nonverbal 
behavior congruent with their own culture (Freeman et al., 2009), and also with the extent to 
which people later exhibit in-group favoritism in developing friendships (Chen et al., 2015). 
Similar to the pSTS, the present findings suggest the role of NAcc in responding to the presence 
of handshakes during social interaction with in-group members, and its positive association with 
the positive effect of handshakes on social evaluations further provides support to the role of this 
region in processing of social rewards (Delgado, 2007).    
 
Limitations 
The present investigation has a few limitations that should be considered in future studies. 
First, the present sample consisted solely of Caucasian participants recruited in the United States, 
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and hence it is still unclear whether similar patterns of ethnic in-group biases would also be 
observed among individuals from different cultures. Previous cross-cultural neuroimaging 
studies found that both American and Japanese participants engaged similar regions (e.g., pSTS, 
mPFC) when perceiving culturally in-group nonverbal behavior, suggesting that implicit in-
group biases characterized by greater responses in the brain regions previously implicated in the 
inference of others’ mental states may be generalizable across cultures (Adams et al., 2010; 
Freeman et al., 2009). However, given that both of these studies used static pictures, the use of 
movies illustrating dynamic nonverbal behaviors as in the present investigation may further 
clarify the mechanisms underlying in-group biases in a defined social context that resembles 
real-life situations, and whether such biases exist across cultures. Second, out-group stimuli in 
the present study consisted of three non-Caucasian ethnic groups, and thus did not explicitly 
focus on the impact of specific out-group ethnicities, unlike the designs employed in previous 
studies (Kubota et al., 2012). Because the main goal of this investigation was to identify possible 
biases linked to general in-group vs. out-group differences, the present study employed stimuli 
that reflect the overall ethnic diversity of the local population. As a result, differences in the 
proportions of various ethnic groups made it difficult to obtain similar statistical power across 
the different trials, based on host ethnicity. Nevertheless, the present study provides important 
initial evidence that will allow identification of potential biases in dynamic social interactions 
associated with specific ethnicities (Cuddy, Fiske, & Glick, 2007; Gutsell & Inzlicht, 2010).  
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CHAPTER 5: 
CONCLUSIONS AND FUTURE DIRECTIONS 
 Responding to an increased need to investigate the role of nonverbal behaviors in 
intergroup contexts, the present study clarifies the impact of ethnic group membership on 
observing and evaluating approach and avoidance social interactions preceded or not by a formal 
type of physical touch – handshake. Evidence provided by the brain imaging assessments 
identified implicit in-group biases in evaluating specific nonverbal behaviors, in the absence of 
differences in the explicit behavioral ratings. Specifically, social interactions with ethnically in-
group members displaying approaching intentions and expected greeting behaviors are 
associated with greater sensitivity of specific brain regions involved in basic emotion processing 
and social cognition, whose response uniquely scales with the positive impression formation for 
in-group members. This new evidence advances our understanding of the mechanisms 
underlying the processing of ethnic group membership in the context of dynamic nonverbal 
social interaction, and has implications for understanding factors that may lead to successful 
interactions with individuals from diverse ethnic groups. Future investigations will benefit from 
utilizing brain imaging tools with high temporal resolution in elucidating the temporal dynamics 
of communication between the targeted brain regions. Examination of the impact of greeting 
behaviors on social evaluations in different cultures (e.g., bowing in the Japanese culture) and 
the associated neural correlates will also help clarify the extent of the universality or cultural 
specificity of the implicit in-group biases identified in the present investigation. 
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TABLES 
Table 1. Common brain regions involved in observation of social interaction with in-group 
and out-group hosts. 
                
    
Talairach Coordinates   
Brain region Side BA x y z t 
[Approach & Avoidance > Control] 
Lateral frontal cortex 
      
 
Middle frontal gyrus L 6 -28 -5 48 3.58 
 
Middle frontal gyrus R 6 39 3 55 4.81 
 
Middle frontal gyrus R 46 52 28 25 4.87 
 
Inferior frontal gyrus L 47 -35 16 -3 4.86 
 
Inferior frontal gyrus R 9 38 11 24 4.88 
 
Inferior frontal gyrus R 44 53 14 11 2.95 
        Medial frontal cortex 
      
 
Cingulate gyrus L 32 -3 16 30 5.22 
 
Cingulate gyrus L 32 -7 21 40 6.27 
 
Superior frontal gyrus R 6 12 13 61 3.66 
 
Medial frontal gyrus R 6 4 15 47 4.12 
        Insular cortex 
     
 
 
Insula R 13 30 20 0 6.28 
       
 
Parietal cortex 
     
 
 
Inferior parietal lobule R 40 -8 -68 40 3.80 
       
 
Posterior/parieto-occipital cortices 
     
 
 
Posterior cingulate L 23 -3 -42 24 3.44 
 
Posterior cingulate R 23 8 -34 27 3.85 
 
Precuneus L 7 -8 -68 40 3.96 
 
Precuneus R 7 8 -60 43 4.21 
 
Cuneus R 7 4 -65 30 4.03 
       
 
Lateral temporal/occipital cortices 
     
 
 
Superior temporal gyrus L 22 -58 -55 11 7.23 
 
Superior temporal gyrus R 22 59 -47 11 7.61 
 
Superior temporal gyrus R 41 46 -28 14 4.49 
 
Middle temporal gyrus L 37 -55 -67 8 8.09 
 
Middle temporal gyrus R 37 52 -60 5 6.87 
 
Middle temporal gyrus R 39 48 -55 11 7.74 
 
Middle occipital gyrus L 19 -48 -79 8 10.44 
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Table 1 (cont.) 
    
Talairach Coordinates   
Brain region Side BA x y z t 
 
Middle occipital gyrus L 18 -27 -100 4 5.39 
 
Middle occipital gyrus R 19 53 -75 8 10.39 
 
Middle occipital gyrus R 18 28 -97 4 4.55 
        Subcortical structures 
      
 
Amygdala R 34 19 0 -10 3.55* 
 
Putamen L 
 
-16 5 0 4.01 
 
Putamen R 
 
19 5 0 6.15 
 
Thalamus L 
 
-7 -17 3 5.92 
 
Thalamus R 
 
11 -10 0 5.26 
 
Subthalamic nucleus L 
 
-12 -10 -3 5.6 
                
        *Significant at p < 0.05 (corrected for the false discovery rate within the anatomical boundaries of the amygdala 
ROI), with an extent threshold of five contiguous voxels. The brain regions common to observing approach and 
avoidance behaviors were identified by the contrast [Approach & Avoidance > Control]. BA, Brodmann’s area; L, 
left; R, right. 
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Table 2. Brain regions showing dissociable sensitivity to in-group vs. out-group hosts in the 
observation of social interactions and handshakes. 
                  
     
Talairach Coordinates 
 Brain region Side BA x y z t 
(A) [In-group Approach > In-group Control] > [Out-group 
Approach > Out-group Control] 
    
 
Medial frontal cortex 
      
  
Medial frontal gyrus R 9 3 53 20 3.99 
  
Cingulate gyrus L 32 -11 20 30 4.26 
        
 
 
Medial temporal lobe 
     
 
  
Amygdala R 
 
31 -3 -17 3.30 
         (B) [In-group Avoidance > In-group Control] > [Out-group 
Avoidance > Out-group Control] 
    
 
Medial temporal lobe 
      
  
Amygdala R 
 
27 0 -10 2.45 
         (C) [In-group Handshake > In-group No-handshake] > [Out-
group Handshake > Out-group No-handshake] 
   
 
 
Lateral frontal cortex 
     
 
  
Superior frontal gyrus L 8 -12 41 43 3.79 
  
Middle frontal gyrus L 6 -27 1 41 4.01 
  
Precentral gyrus R 6 32 -6 38 4.46 
  
Postcentral gyrus L 6 -55 -7 38 3.25 
  
Postcentral gyrus L 3 -56 -16 24 3.85 
        
 
 
Medial frontal cortex 
     
 
  
Cingulate gyrus R 32 23 16 31 4.17 
  
Cingulate gyrus R 24 16 0 37 3.77 
        
 
 
Insular cortex 
     
 
  
Insula R 13 27 26 9 4.35 
        
 
 
Lateral temporal/occipital cortices 
     
 
  
Superior temporal gyrus L 22 -43 -55 15 3.99 
  
Superior temporal gyrus R 39 44 -58 21 3.04 
  
Superior temporal gyrus R 22 48 -51 18 3.01 
  
Middle temporal gyrus R 19 49 -63 15 3.23 
  
Inferior occipital gyrus R 18 45 -83 -1 3.90 
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Table 2 (cont.) 
     
Talairach Coordinates 
 Brain region Side BA x y z t 
(D) [In-group Handshake > In-group No-
handshake] 
      
 
Lateral frontal cortex 
      
  
Middle frontal gyrus L 6 -23 5 41 3.48 
         
 
Posterior/parieto-occipital cortices 
      
  
Cingulate gyrus R 31 4 -45 34 4.01 
  
Posterior cingulate R 23 0 -38 24 3.73 
  
Precuneus L 19 -28 -69 31 3.48 
  
Precuneus R 31 -15 -53 31 3.62 
         
 
Lateral temporal/occipital cortices 
      
  
Middle temporal gyrus L 39 -47 -63 18 3.93 
  
Middle temporal gyrus L 21 -57 -56 5 3.14 
  
Middle occipital gyrus L 19 -39 -67 11 3.79 
  
Inferior occipital gyrus L 18 -48 -79 -1 3.63 
  
Middle temporal gyrus R 37 52 -63 8 7.44 
  
Middle temporal gyrus R 19 49 -79 1 4.93 
  
Middle occipital gyrus R 19 37 -89 15 4.12 
  
Middle occipital gyrus R 18 24 -97 8 3.55 
  
Fusiform gyrus R 37 39 -49 16 3.17 
         
 
Subcortical structures 
      
  
Caudate nucleus L 
 
-4 9 0 2.59 
         (E) [Out-group Handshake > Out-group No-
handshake] 
      
 
Medial occipital cortex 
      
  
Cuneus L 17 -3 -85 7 3.35 
  
Lingual gyrus L 17 8 -85 4 3.20 
  
Lingual gyrus L 18 -12 -77 7 3.05 
                  
         The regions showing dissociable sensitivity to host ethnicity to observing (A) approach behaviors relative to control, 
(B) avoidance behaviors relative to control, and (C) handshakes relative to no-handshakes were identified by 
interaction analysis (A) ([In-group Approach > Control] > [Out-group Approach > Control]), (B) ([In-group 
Avoidance > Control] > [Out-group Avoidance > Control]), (C) ([In-group Handshake > No-handshake] > [Out-
group Handshake > No-handshake]), respectively. In addition, the regions showing sensitivity to in-group and out-
group handshakes were also separately examined by the main effect contrasts (D) [In-group Handshake > In-group 
No-handshake] and (E) [Out-group Handshake > Out-group No-handshake]. BA, Brodmann’s area; L, left; R, right. 
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Table 3. Co-variations between ROI activity and the interest ratings for in-group approach 
behaviors and handshakes. 
                
    
Talairach Coordinates 
 [Contrast] × (Ratings) 
Brain region Side BA x y z r 
[In-group Approach > Control] ×  
(In-group Approach: Interest) 
    
 
Superior frontal gyrus L 10 -8 50 -1 0.653 
 
Superior frontal gyrus L 8 -8 41 43 0.568 
 
Superior frontal gyrus R 8 11 49 43 0.681 
 
Superior frontal gyrus R 9 11 54 24 0.643 
 
Medial frontal gyrus L 9 -12 41 14 0.581 
 
Medial frontal gyrus R 9 7 51 35 0.609 
 
Amygdala L 
 
-23 -10 -6 0.601 
  
R 
 
23 -6 -6 0.563 
         
[In-group Handshake > In-group No-handshake] × 
(In-group Handshake – In-group No-handshake: Interest) 
    
 
Superior temporal gyrus L 22 -62 -51 11 0.683 
 
Superior temporal gyrus L 21 -46 -43 14 0.645 
 
Superior temporal gyrus L 41 -53 -21 3 0.534 
 
Superior temporal gyrus R 22 47 -35 22 0.515 
 
Middle temporal gyrus R 39 49 -63 11 0.571 
 
Middle temporal gyrus R 21 64 -33 1 0.560 
 
Globus pallidus L 
 
-12 1 -3 0.555 
 
Caudate nucleus L 
 
-8 9 0 0.672 
 
Caudate nucleus R 
 
7 9 0 0.614 
                
        Brain-behavior relationships were investigated through correlation analyses between (A) AMY/mPFC activity for 
in-group approach relative to control trials, and the interest ratings for in-group approach behaviors, and (B) 
STS/NAcc activity for in-group handshake relative to no-handshake trials, and the mean difference between 
handshake and no-handshake trials in the interest ratings. BA, Brodmann’s area; L, left; R, right. 
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FIGURES 
 
Figure 1. Diagram of the task. Event-related fMRI data were recorded while participants viewed movies of guest-
host interactions, in which hosts displayed nonverbal behaviors that either encourage (Approach: open postures, 
smiley faces) or discourage (Avoidance: closed postures, frowny faces) further social interactions. A no social 
interaction condition was also used as Control. Half of the social interaction trials were preceded by a handshake, 
and following the movie presentation, participants rated the hosts on competence as business agents and their own 
interest in doing business with the hosts. 
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Figure 2. Illustration of the manipulation of host ethnicity. The ethnicity of the hosts was manipulated by a 
combination of different facial features, hairstyles, and skin tones. Half of the hosts represented persons of the 
Caucasian race (in-group), whereas the other half represented those of the non-Caucasian race (out-group), 
consisting of three ethnic groups: East Asian, South Asian, and African-American. The figure above illustrates the 
appearance of the hosts time-locked to the end of the initial greeting protocol immediately prior to the display of 
approach or avoidance behavior. 
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Figure 3. Common brain regions involved in observation of social interaction with in-group and out-group 
hosts. Observation of dynamic nonverbal behaviors indicating approaching and avoidance intentions was associated 
with overall increased activation in regions including the posterior superior temporal sulcus (pSTS) extending into 
the surrounding regions, lateral and medial prefrontal cortices (lat/mPFC), right inferior parietal lobule (IPL), 
striatum, and right amygdala (AMY, not shown). 
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Figure 4. AMY and dmPFC sensitivity to in-group approach behaviors vs. control linked to the positive 
evaluation of approach behaviors displayed by in-group hosts. Analyses identified the right amygdala (AMY) 
and dorso-medial PFC (dmPFC) areas showing greater sensitivity to the observation of in-group approach behaviors 
relative to control than to those displayed by out-group hosts, while also showing positive co-variations with the 
Interest ratings for in-group approach behaviors. The left panels illustrate the activation maps for the right AMY and 
dmPFC regions showing overall greater sensitivity to in-group approach vs. control than to out-group approach vs. 
control contrasts, which are superimposed on high-resolution brain images displayed in a coronal view (blue). Also 
overlaid on these brain images are correlation maps illustrating the AMY and mPFC areas showing significant 
positive correlations between increased activity to the In-group Approach relative to Control condition and the 
Interest ratings for the In-group Approach condition (red). The color bars indicate the range of T and R values for 
the activation and correlation maps, respectively. The scatterplots on the right illustrate significant positive 
correlations identified between mean parameter estimates in the right AMY and dmPFC regions for the In-group 
Approach vs. In-group Control contrast (y-axis) and the Interest ratings for the In-group Approach condition (x-axis) 
(magenta). The difference between the two correlation coefficients illustrated in each scatterplot was also significant 
(AMY: p = 0.03, mPFC: p = 0.001, one-tailed). The corresponding correlations for out-group hosts were not 
significant (cyan). InG, In-group; OutG, Out-group; L, left; R, right. 
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Figure 5. Greater AMY–mPFC functional connectivity linked to observation of approach behaviors displayed 
by in-group hosts. Voxel-wise correlation analyses examining functional connectivity with the right amygdala 
(AMY) as the seed region identified an area in the dorso-medial PFC (dmPFC) which showed greater functional 
connectivity in observing approach behaviors displayed by in-group than those by out-group hosts. Interestingly, 
this dmPFC cluster partially overlapped with the dmPFC areas showing 1) greater sensitivity to in-group approach 
vs. control than to out-group approach vs. control, and 2) positive co-variations with the Interest ratings for the in-
group approach condition (see Figure 4). The left panel shows the approximate locations of the seed AMY region 
(red) and dmPFC cluster (blue) identified on a high-resolution 3D brain image. The scatterplot on the right 
illustrates the relationship between mean single-trial activation estimates (i.e., beta weights) from the right AMY 
seed region and dmPFC cluster across all in-group approach trials (magenta). The corresponding correlation 
between the two regions for out-group approach trials was not significant (cyan). These data points were extracted 
from an individual representative participant for display purposes. The difference between the two correlation 
coefficients illustrated in the scatterplot was also significant (p = 0.03, one-tailed). InG, In-group; OutG, Out-group; 
L, left; R, right. 
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Figure 6. STS and NAcc sensitivity linked to the positive impact of handshakes with in-group hosts. Analyses 
identified the bilateral posterior STS (pSTS) regions showing increased sensitivity to the presence of handshakes 
with in-group hosts, and the left nucleus accumbens (NAcc) region showing sensitivity to in-group handshakes. 
Interestingly, these areas partially overlapped with the corresponding areas showing positive co-variations with the 
positive effect of handshakes on the Interest ratings for in-group hosts. The left panels illustrate the activation maps 
for the regions showing overall greater sensitivity to In-group Handshake vs. In-group No-handshake than to Out-
group Handshake vs. Out-group No-handshake conditions (pSTS), and to In-group Handshake than to In-group No-
handshake conditions (NAcc), which are superimposed on high-resolution brain images displayed in a sagittal and 
coronal view, respectively (blue). Also overlaid on the brain images are the correlation maps illustrating the pSTS 
and NAcc areas showing significant positive correlations with the effect of in-group handshakes on the Interest 
ratings, as measured by the mean difference in the Interest ratings between the In-group Handshake vs. In-group No-
handshake conditions (red). The color bars specify the range of T and R values for the activation and correlation 
maps, respectively. The scatterplots on the right illustrate the significant positive correlations (magenta) identified 
between mean parameter estimates in the right pSTS/left NAcc regions for the In-group Handshake vs. In-group No-
handshake contrast (y-axis) and the positive effect of in-group handshakes on the Interest ratings (x-axis). The 
corresponding correlations for out-group hosts were not significant (cyan). The difference between the two 
correlation coefficients illustrated in each scatterplot was also significant (pSTS: p = 0.03, NAcc: p = 0.01, one-
tailed). InG, In-group; OutG, Out-group; HS, Handshake; No-HS, No-handshake.  
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